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ABSTRACT
The majority of recent hydrodynamical simulations indicate the creation of central cores in the mass profiles of low-mass halos, a
process that is attributed to star formation-related baryonic feedback. Core creation is regarded as one of the most promising solutions
to potential issues faced by lambda cold dark matter (ΛCDM) cosmology on small scales. For example, the reduced dynamical mass
enclosed by cores can explain the low rotational velocities measured for nearby dwarf galaxies, thus possibly lifting the seeming
contradiction with the ΛCDM expectations (the so-called “too big to fail” problem). Here we test core creation as a solution of
cosmological issues by using a sample of dwarfs with measurements of their atomic hydrogen (HI) kinematics extending to large radii.
Using the NIHAO hydrodynamical simulation as an example, we show that core creation can successfully reproduce the kinematics of
dwarfs with small kinematic radii, R . 1.5 kpc. However, the agreement with observations becomes poor once galaxies with kinematic
measurements extending beyond the core region, R ≈ 1.5 − 4 kpc, are considered. This result illustrates the importance of testing the
predictions of hydrodynamical simulations that are relevant for cosmology against a broad range of observational samples. We would
like to stress that our result is valid only under the following set of assumptions: i) that our sample of dwarfs with HI kinematics is
representative of the overall population of field dwarfs, ii) that there are no severe measurement biases in the observational parameters
of our HI dwarfs (e.g., related to inclination estimates), and iii) that the HI velocity fields of dwarfs are regular enough to allow the
recovery of the true enclosed dynamical mass.
1. Introduction
Dissipationless simulations in the lambda cold dark matter
(ΛCDM) cosmology have consistently produced halos with
a steep (or “cuspy”) inner density profile (e.g., Navarro et al.
1997). On the other hand, the majority of recent hydrodynamical
simulations –which are able to incorporate the effects of bary-
onic processes– predict the creation of low-density cores in the
inner regions of small halos (Mashchenko et al. 2008; Gover-
nato et al. 2010; Zolotov et al. 2012; Madau et al. 2014; Oñorbe
et al. 2015; Tollet et al. 2016, to name a few; but see also Sawala
et al. 2016). Core creation is theoretically attributed to repeated
episodes of gas blow-out from the halo center, following bursts
of star formation activity (Pontzen & Governato 2012).
Core creation has been identified as one of the most promis-
ing solutions to long-standing issues of ΛCDM cosmology on
the scale of dwarf galaxies. In addition to its obvious potential
to resolve the “cusp vs. core” controversy (e.g., Oh et al. 2011;
Read et al. 2016; Katz et al. 2016), core creation has also been
proposed as a solution to the related too big to fail (TBTF) cos-
mological problem (Boylan-Kolchin et al. 2011). In essence, the
TBTF problem refers to the fact that it is very difficult to repro-
duce both the number density of dwarfs and their internal kine-
matics within the ΛCDM context. More specifically, the paucity
of low-mass dwarfs observed in galaxy surveys (Papastergis et
al. 2011; Kelvin et al. 2014; Klypin et al. 2015) implies that their
host halos are relatively massive, as higher mass halos are much
less abundant than lower mass halos in ΛCDM (e.g., Rodriguez-
Puebla et al. 2016). However, the internal rotational velocities
measured in dwarfs (e.g., Kirby et al. 2014) are too low to be
? NOVA postdoctoral fellow
compatible with such a host assignment. Core creation can po-
tentially resolve the issue as the lower-than-expected rotational
velocities of dwarfs can be explained by the diminished enclosed
dynamical mass of a cored density profile (Brooks & Zolotov
2014; Madau et al. 2014; Brook & Di Cintio 2015a; Chan et al.
2015). This effect has been shown most explicitly by Dutton et
al. (2016), who have used the NIHAO hydrodynamical simula-
tion of galaxy formation (Wang et al. 2015) to show that core
creation is able to reproduce the observed kinematics of low-
mass dwarfs in the Local Group (see their Fig. 2).
Testing core creation as a solution of small-scale cosmolog-
ical problems is not straightforward as the predictions of hydro-
dynamical simulations depend to a large extent on the imple-
mentation of subgrid prescriptions for baryonic physics (Kim et
al. 2014; Somerville & Davé 2015). For this reason, it is often
difficult to establish whether a proposed baryonic solution to a
cosmological problem is a genuine one or rather just a conse-
quence of the wide discretion in the implementation of subgrid
physics. As far as core creation in particular is concerned, there
are two promising ways to disentangle predictions that depend
primarily on the implementation of baryonic physics from those
that depend on the adopted cosmological model. The first is to
obtain reliable kinematic measurements for field dwarf galaxies
with extremely low stellar masses (M∗ . 106 M). In such sys-
tems the DM density profile is mostly determined by the cosmo-
logical model since the available energy from stellar feedback is
not sufficient to cause significant modifications (e.g., Di Cintio
et al. 2014a). The second is to measure the kinematics of dwarfs
at large galactocentric radii where the influence of the core is
small. Since cores have typical sizes of ∼ 1 kpc in dwarf galax-
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ies (Pontzen & Governato 2012), the DM density profile at R & 2
kpc is mostly determined by the cosmological model.
In this article, we follow the second approach described
above to test core creation in hydrodynamical simulations. We
use the NIHAO simulation as an example, and repeat the com-
parison of Dutton et al. (2016) between the kinematics of
low-mass halos and the kinematics of observed dwarfs. This
time, however, the observational comparison sample consists of
dwarfs with extended kinematics measured in the 21cm line of
atomic hydrogen (HI). The article is organized as follows. In
Section 2 we briefly describe the NIHAO hydrodynamical sim-
ulation and the observational sample of galaxies with HI kine-
matics used perform the kinematic comparison. In Section 3 we
describe in detail the comparison setup. In Section 4 we present
our result (Figure 1), and discuss its scientific interpretation. In
the same section we mention the assumptions under which our
interpretation is valid, and elaborate on the main caveats associ-
ated with these assumptions. We conclude by summarizing our
work in Sect. 5.
2. Datasets
Halos are obtained from the NIHAO hydrodynamical simulation
in the ΛCDM cosmological context (Wang et al. 2015). NIHAO
is a set of 100 zoom-in hydrodynamical simulations of isolated
halos in the Planck one-year cosmology (Planck Collaboration
et al. 2014). The halos span a very wide range of masses (reach-
ing all the way down to M200 ∼ 3 × 109 M) and are selected
in an unbiased way in terms of halo concentration, spin parame-
ter, and assembly history. The resolution is chosen such that the
mass profile of each halo can be well resolved down to ∼ 1% of
the virial radius, which is the relevant length scale for probing
the observable properties of the hosted galaxies. Two common-
resolution simulations of each halo are performed in NIHAO:
The first is a dark matter only (DM-only) simulation using the
pkdgrav code (Stadel 2001). The second is a smooth particle hy-
drodynamics (SPH) simulation using the gasoline code (Wad-
sley et al. 2004; Keller et al. 2014). In the hydrodynamic run,
subgrid baryonic physics have been implemented according to
the MaGICC prescription (Stinson et al. 2013).
Our observational sample of field galaxies consists of ob-
jects with HI interferometric observations compiled from the lit-
erature by Papastergis & Shankar (2016), with the addition of
nine galaxies from Lelli et al. (2014). The final sample con-
sists of a total of 209 galaxies, spanning a very wide range of
galaxy masses. Out of this parent sample, we use 31 low-mass
dwarfs for the comparison with the NIHAO simulation (see Sec.
3). Since these dwarfs are located at typical distances of . 10
Mpc, we also refer to our dwarf sample as the “Local Volume”
sample of dwarfs. We note that not all dwarfs in our sample are
well-resolved enough to have a reliable measurement of their full
rotation curve (RC). In fact, 23 out of the 31 dwarfs entering the
comparison only possess a single kinematic measurement at the
outermost HI point, Vout,HI= V(Rout,HI).
In this article, we compare simulations of isolated halos with
a sample of gas-rich galaxies that are located mainly in field
environments. This choice allows us to evaluate more directly
the potential cosmological relevance of the TBTF problem, as
our comparison is not influenced by complex environmental ef-
fects such as tidal stripping and ram-pressure gas removal (e.g.,
Zolotov et al. 2012; Arraki et al. 2014). In addition, studying the
TBTF problem for field galaxies leads to a more cosmologically
representative assessment because, in a volume-complete sense,
more than 70% of halos and galaxies are non-satellite objects
(Klypin et al. 2011; Karachentsev et al. 2013).
3. Method
3.1. Matching observed dwarfs with their NIHAO halos
We match galaxies with NIHAO halos based on their rotational
velocities derived from the spectral width of their HI line pro-
files, Vrot,HI. For galaxies, the profile of their HI emission line
can be obtained from spectral radio observations, and the ob-
served width of the profile at 50% peak intensity level can
be readily measured, W50,obs (see Fig. 1 in Papastergis et al.
2015). The linewidth-derived velocity is then calculated from the
inclination-corrected width of the profile as Vrot,HI= W50,obs/(2×
sin i), where i is the inclination of the galactic HI disk. For the
NIHAO halos, Macciò et al. (2016) have derived simulated HI
spectral profiles based on gas particle information in their hy-
drodynamic runs (see their Fig. 1). Since the simulated pro-
files have been extracted for an edge-on orientation of the halos,
the linewidth-derived rotational velocity in this case is simply
Vrot,HI= W50,edge/2.
We select dwarfs from our sample with linewidth-derived ro-
tational velocities within the interval Vrot,HI= 10−25 km s−1. Ac-
cording to Papastergis et al. (2015), this is the relevant rotational
velocity range for the field TBTF problem. We then compare the
kinematics of these dwarfs to NIHAO halos hosting simulated
galaxies within the same Vrot,HI= 10 − 25 km s−1 interval. Keep
in mind that Vrot,HI is used to match real dwarfs with their sim-
ulated counterparts in NIHAO; however, it is not used to carry
out the kinematic comparison between the two because Vrot,HI is
a quantity computed from spatially unresolved spectral data of
the HI line emission. The value of Vrot,HI does not therefore cor-
respond to the rotational velocity at any specific galactocentric
radius, and does not directly reflect any property of the host halo.
In this respect, matching galaxies to their host halos in a simula-
tion by means of Vrot,HI is conceptually similar to matching based
on baryonic mass1.
3.2. Comparing the internal kinematics of dwarf galaxies and
their host NIHAO halos
Once we have matched real and simulated dwarf galaxies based
on their linewidth-derived rotational velocities, Vrot,HI, we can
compare the internal kinematics of the two classes of objects. For
the observed dwarfs, we consider the measured rotational veloc-
ity at their outermost HI radius, Vout,HI= V(Rout,HI). It should be
kept in mind that, unlike Vrot,HI, a measurement of Vout,HI requires
spatially resolved observations of the HI line emission. This re-
quirement means that our comparison must use the few tens of
dwarfs with available HI interferometric data, rather than the
hundreds of dwarfs detected in large area HI surveys performed
with single-dish radiotelescopes (Zwaan et al. 2004; Haynes et
al. 2011). In the case of NIHAO, we consider instead the circu-
lar velocity profiles published in Dutton et al. (2016, their Fig.
3). The circular velocity profiles of NIHAO dwarfs are extracted
from the hydrodynamic runs of the simulation, and thus incor-
porate all baryonic effects on the matter content and mass profile
of small halos (e.g., baryon depletion, core creation).
1 In terms of baryonic mass, the Vrot,HI= 10 − 25 km s−1 interval cor-
responds to the approximate range Mbar ≈ 106.5 − 108 M. Stellar mass
is not an appropriate quantity for matching purposes here since most of
our field dwarfs are gas-dominated.
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Since we compare observed HI kinematics with circular ve-
locity profiles calculated from the enclosed mass in the simu-
lation, we try to ensure that the Vout,HI values of the observed
dwarfs correspond as closely as possible to the local value of
circular velocity, Vout,HI = Vc(Rout,HI). We therefore always ap-
ply corrections for pressure support to the measured Vout,HI val-
ues for our sample of observed dwarfs (see item iii in §4.1 for
details on pressure-support corrections, and for a discussion of
the important remaining caveats associated with our comparison
between observed and simulated kinematics).
4. Results and discussion
Figure 1 shows the comparison between the internal kinematics
of NIHAO halos and observed dwarfs with resolved HI data. We
note that RCs for the simulated dwarfs are obtained from the hy-
drodynamic runs of NIHAO, and therefore include all baryonic
feedback effects on the mass profiles of low-mass halos. As Fig-
ure 1 shows, NIHAO dwarfs with very low values of linewidth-
derived rotational velocity, Vrot,HI= 10 − 25 km s−1, are hosted
by relatively massive halos. The hydrodynamic RCs reach typi-
cal peak velocities2 that are much higher, Vhydromax = 35−40 km s−1.
Macciò et al. (2016) show that this assignment of simulated
dwarfs to relatively massive hosts allows the NIHAO simulation
to successfully reproduce the dearth of dwarfs with low Vrot,HI
values observed in the nearby universe (Klypin et al. 2015). Al-
though they are relatively massive, however, NIHAO halos are
also able to reproduce the low rotational velocities measured at
< 1.5 kpc for nearby dwarfs (left panel of Fig. 1). This holds
true for both Local Group dwarfs with stellar kinematic measure-
ments (Kirby et al. 2014) and for HI dwarfs with small kinematic
radii. Dutton et al. (2016) attributes this excellent agreement be-
tween the NIHAO predictions and the observed rotational veloc-
ities of dwarfs at small radii to core creation. More specifically,
the presence of low-density cores in the central regions of halos
leads to suppressed velocity profiles compared to the DM-only
expectation (see their Fig. 3).
However, the situation is strikingly different in the right
panel of Figure 1. The NIHAO hydrodynamic RCs fail to repro-
duce the observed HI rotational velocities of dwarfs with rela-
tively large kinematic radii, Rout,HI ∼ 1.5−4 kpc. Over this range
of radii, the halo RCs reach velocities close to their peak value,
while the HI rotational velocities measured for dwarfs remain
low (Vout,HI . 25 km s−1). The fundamental reason behind the
result of Fig. 1 is that core creation can alter the mass profile of
halos only within the innermost 1 − 1.5 kpc. This is the physical
region over which intense star-formation activity takes place in
dwarf galaxies, and where the orbits of dark matter particles are
subject to large and sudden potential fluctuations as a result (see
Fig. 4 in Pontzen & Governato 2012). At larger radii the kine-
matic effect of a core is small, and the velocity profile of a halo
is primarily set by the underlying cosmological model.
Our result illustrates the importance of testing the predic-
tions of hydrodynamical simulations against a broad range of ob-
servational data, including field dwarfs with extended kinematic
measurements. Such extended kinematic measurements are pos-
sible at present only through interferometric observations of the
2 For low-mass halos, the peak rotational velocity reached by a halo’s
RC in the hydrodynamic run is lower than that reached in the corre-
sponding DM-only run, Vhydromax <VDMmax. This is due to the effect of baryon
depletion (e.g., Sawala et al. 2015), whereby almost all the baryonic
content of a low-mass halo is ejected by stellar feedback (e.g., Wang et
al. 2016).
HI velocity fields of gas-rich objects. On the other hand, stel-
lar kinematic measurements are confined to the optical half-light
radius, which is typically R1/2 . 1 kpc in small dwarfs (Kirby
et al. 2014). Consequently, samples of dwarfs with stellar kine-
matic measurements are not optimal for cosmological tests be-
cause they cannot probe the halo RC beyond the core region.
The results of this work and their interpretation are consis-
tent with the findings of the closely related analysis performed
in Papastergis & Shankar (2016). However, this previous work
used a simplified approach in incorporating the effects of bary-
onic feedback on the kinematics of field dwarfs. For example, the
effect of core creation was taken into account by employing the
feedback-motivated “DC14” analytical mass profile (Di Cintio et
al. 2014b). In order to fully specify this parametrized profile, a
number of simplifying assumptions were required. For example,
all halos were assigned median concentrations and differences in
other physical properties among halos (e.g., spin) were not con-
sidered. The present analysis is more complete as the NIHAO
halos span a wide range of properties such as concentration, spin,
and assembly history.
Lastly, we would like to note that one possible concern re-
garding the result shown in Fig. 1 is that the HI linewidth, Vrot,HI,
and the outermost HI point velocity, Vout,HI, are correlated to
some extent (even though they are observationally distinct quan-
tities). This creates the possibility that selecting dwarfs with
small values of Vrot,HI may bias the plotted sample to objects
that also have small values of Vout,HI, favoring objects with kine-
matics that do not agree with the simulation predictions. Even
though we acknowledge the possibility that the partial corre-
lation between Vrot,HI and Vout,HI may accentuate the disagree-
ment between data and model in Fig. 1, we believe that our re-
sults are robust. In particular, we have verified that matching
dwarf galaxies and NIHAO halos in terms of baryonic mass –
specifically, by demanding that their baryonic mass lies in the
interval Mbar = 106.5 − 108 M – still reveals the presence of
a kinematic discrepancy. Nonetheless, dwarfs selected based on
baryonic mass display significant scatter in their kinematic prop-
erties in excess of the scatter predicted by NIHAO (see also Ap-
pendix A in Papastergis & Shankar 2016). As a result, the dis-
crepancy in the case of baryonic mass selection is not as marked
as shown in Fig. 1.
4.1. Assumptions and caveats
The result presented in Sec. 4 is only valid under certain assump-
tions, which are implicitly made in the analysis described above.
In this section we would like to elaborate on the most important
of these assumptions, and discuss under which conditions they
may fail and therefore compromise the main scientific conclu-
sions of this article.
i Cosmologically representative dwarf sample. The scientific
interpretation of Figure 1 assumes that our literature sam-
ple of HI dwarfs is representative of the overall population
of field dwarfs. In other words, we have assumed that the
majority of field dwarfs have HI disks that extended out to
R > 1.5 kpc (as Fig. 1 suggests). In reality, there is no guar-
antee that this assumption is correct. Our sample consists of
a compilation of objects targeted for interferometric obser-
vations by various literature studies. This means that sample
selection is not based on a single well-defined set of selection
criteria3. The biggest worry related to sample selection is a
possible overrepresentation of galaxies with large values of
Rout,HI. This cannot be ruled out because galaxies with larger
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Fig. 1. Comparison between the rotation curves of halos in the NIHAO hydrodynamical simulation and the HI kinematics of field dwarfs.
Observed and simulated dwarfs are matched by requiring that their HI linewidth-derived rotational velocities are within the Vrot,HI= 10− 25 km s−1
interval (individual Vrot,HI values are denoted respectively by blue and black tickmarks near the left y-axis). The black solid lines are total mass
(i.e., dark+baryonic) circular velocity profiles for NIHAO dwarfs, extracted from the hydrodynamic runs of the simulation. The blue data points
are instead rotational velocities measured at the outermost HI radius for observed dwarfs, corrected for pressure support. The orange data points
are stellar kinematic measurements at the half-light radius for a sample of isolated dwarfs within the Local Group (Kirby et al. 2014). The only
difference between the left and right panel is that the former shows objects with small kinematic radii (Rout< 1.5 kpc), while the latter shows
objects with larger kinematic radii (Rout> 1.5 kpc). See Sect. 4 for the scientific interpretation of this figure.
HI disks tend to be brighter in the HI-line and therefore tend
to be preferred targets for HI interferometric observations. If
dwarfs with higher values of Rout,HI were outliers in terms of
their kinematic properties (e.g., very low-concentration ha-
los), then the result shown in Fig. 1 could be attributed to
sample selection bias.
In the near future, the next generation of blind HI interfer-
ometric surveys (e.g., APERTIF surveys with the Wester-
bork interferometer; Verheijen et al. 2008; WALLABY sur-
vey with the ASKAP interferometer; Duffy et al. 2012) will
enable us to assess this potential bias by delivering homoge-
neously selected samples of dwarfs with resolved HI kine-
matics. Moreover, these next-generation HI surveys are ex-
pected to detect a fair number of objects similar to LeoP
(Giovanelli et al. 2013), i.e., gas-rich field dwarfs with ex-
tremely low stellar masses. These objects are not efficient
at creating cores, due to their extremely low stellar-to-halo
mass ratio (e.g., Di Cintio et al. 2014a), and therefore can be
used as a complementary observational test of core creation
(see Sec. 1).
ii No large observational systematics in the measurement of
HI kinematics. When plotting the dwarf data points in Fig.
1, we have assumed that the observational data provided in
the original literature references do not suffer from signifi-
cant observational systematics (see also discussion in §3.3
of Papastergis et al. 2015). The largest concern here is the
possibility of large biases in the reported inclination values
for low-mass dwarfs (Oman et al. 2016).
In general, determining the kinematic inclination for the HI
disks of low-mass dwarfs is a highly uncertain process (see,
e.g., the case of LeoP in Bernstein-Cooper et al. 2014). Even
though we acknowledge the possibility that systematic incli-
nation biases could be causing an apparent discrepancy be-
tween theoretical predictions and observations, we believe
that this scenario is not very likely. More specifically, ex-
plaining the discrepancy would require a bias whereby most
dwarfs in our sample are oriented more face-on than is esti-
mated observationally. We believe that this type of bias is
rather unlikely. First, the plotted data points are gathered
from several different samples that use different methods
for estimating galactic inclinations (titled ring fits, axial ra-
tios of HI emission, axial ratios of stellar light). It is un-
likely that these different methods all suffer from the same
type of inclination bias. Second, randomly oriented disks are
more likely to be observed in a high-inclination rather than a
low-inclination orientation. This creates a small natural bias
to underestimate (rather than overestimate) galactic inclina-
tions. Third, most observational systematics, such as beam
smoothing of the HI emission or disk thickness, tend to pro-
duce rounder HI disks and lead to underestimates4 of the in-
clination.
iii Observed HI kinematics accurately reflect the true circular
velocity profile. The RCs of the NIHAO halos plotted in Fig.
1 represent circular velocity profiles, computed from the en-
closed dynamical mass as Vc(R)2 = G Mdyn(< R) / R. As a
result, the comparison with observed HI kinematics implic-
itly assumes that HI rotational velocities (up to appropriate
corrections) faithfully trace the true underlying potential.
One worry here is that the magnitude of ordered rotation for
low-mass dwarfs becomes comparable to the observed ve-
locity dispersion of HI gas (σHI ∼ 8−10 km s−1). This means
that the pressure support provided by the dispersive motion
of HI cannot be ignored in these systems. For this reason, the
plotted Vout,HI values in Fig. 1 include a correction for pres-
sure support. For some dwarfs in our sample this correction
4 One possible exception here is the SHIELD sample, which is se-
lected from the ALFALFA blind HI survey (Haynes et al. 2011). In the
case of SHIELD, dwarfs with low inclinations may be favored because
the sensitivity of a blind HI survey improves with decreasing observed
linewidth, W50,obs = W50,edge × sin i (see Fig. 12 in Haynes et al. 2011).
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has been already performed in the original literature refer-
ence (see, e.g., §3.1.2. in Oh et al. 2015). For the rest we ap-
ply the following approximate pressure support correction:
Vout,HI →
√
V2out,HI + 2σ
2
HI with σHI = 8 km s
−1. This cor-
rection follows Eq. 2 in Lelli et al. (2014), assuming that the
outermost velocity measurement is performed at two times
the scale length of the HI disk.
However, the biggest concern is whether correcting the ob-
served rotation for pressure support as described above is
enough to recover the true circular velocity. In particular, the
pressure support corrections that are typically applied in ob-
servational studies assume a system in approximate equilib-
rium. This may not be the case for low-mass dwarfs, where
energy injection through stellar feedback may create a com-
plex velocity field with large radial motions (Valenzuela et
al. 2007; Teyssier et al. 2013; Marasco et al. in prep.). In
addition, feedback may heat up the HI disk in the vertical di-
rection, creating a thick disk that rotates significantly slower
than is expected based on the local Vc value (Macciò et al.
2016; Verbeke et al. in prep.). As Fig. 1 shows, even a ∼ 10
km s−1 systematic underestimation of Vc for small dwarfs
would be enough to explain the discrepancy between the ob-
servations and the NIHAO simulation.
In principle, a systematic underestimation of the true en-
closed mass due to the complexity of HI motions is a simple
and plausible solution to the TBTF problem for field galax-
ies. However, it should be kept in mind that testing this so-
lution observationally may be extremely challenging. The
reason is that the true circular velocity profile of a halo is
not measurable through observations. As a result, it is not
clear at present how to observationally distinguish between
systems whose HI kinematics do or do not trace faithfully
the underlying potential. It should also be kept in mind that
if HI kinematics are indeed biased tracers of the true circu-
lar velocity profile, most of the observational support for the
presence of central cores in low-mass dwarfs can be cast into
doubt (e.g., Oh et al. 2011; Brook & Di Cintio 2015b; Oh et
al. 2015; Katz et al. 2016).
5. Summary
In this article we compare the kinematics of small halos in the
NIHAO hydrodynamical simulation (Wang et al. 2015) with the
observed kinematics of a literature sample of dwarfs with avail-
able HI interferometric data (Papastergis & Shankar 2016). Both
halos and observed galaxies are selected to have HI linewidth-
derived rotational velocities in the range Vrot,HI= 10− 25 km s−1,
which is the relevant range for the too big to fail (TBTF) cosmo-
logical problem (Boylan-Kolchin et al. 2011; Ferrero et al. 2012;
Tollerud et al. 2014; Garrison-Kimmel et al. 2014; Papastergis et
al. 2015).
We show that the RCs of NIHAO halos obtained in the hy-
drodynamic run can successfully reproduce the kinematics of
dwarfs with small kinematic radii, Rout. 1.5 kpc (left panel of
Fig. 1). According to Dutton et al. (2016), this success can be at-
tributed to the creation of feedback-induced cores in the density
profiles of NIHAO halos. At the same time, however, we show
that the RCs of NIHAO halos cannot reproduce the observed
rotational velocities for dwarfs with relatively large kinematic
radii, Rout≈ 1.5 − 4 kpc (right panel of Fig. 1). At these larger
galactocentric radii, the kinematic effect of core creation is min-
imal; as a result, the velocity profiles of NIHAO halos cannot
deviate much from the form dictated by the underlying cosmo-
logical model. Our result highlights the importance of testing
hydrodynamical simulations against a variety of observational
samples, including field dwarfs with HI kinematic measurements
extending beyond the core region.
We would like to stress that the results we present in Fig. 1
are only valid under a set of implicit assumptions. The first is
that our sample of dwarfs with spatially resolved HI kinematics
is representative of the overall population of field dwarfs. This
may not be the case since our sample has been compiled from
the literature and lacks a common set of selection criteria (item
i in §4.1). Second, we assume that no large observational sys-
tematics affect the kinematic measurements of our sample of HI
dwarfs. The main worry in this context is the possibility of a sys-
tematic overestimation of galactic inclinations (item ii in §4.1).
Third, the comparison between halo RCs and measured HI ve-
locities assumes that the HI kinematics reflect (up to corrections)
the true underlying halo potential. This may not be the case if, for
example, the HI velocity field is very complex or if the HI disk
is very thick (item iii in §4.1). Assumptions i and ii can be tested
in the near future with the data provided by next-generation HI
interferometric surveys. On the other hand, assumption iii may
be very difficult to test in practice since the true underlying po-
tential in which a dwarf galaxy is embedded is not an observable
quantity.
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